In this paper, we experimentally revealed that the microscale surface topography of anodes strongly affected the performance of Microbial Fuel Cells (MFC). One of the problems MFC involves is its low power. The generated power by MFC is considered to be strongly affected by the interaction between organic bacteria and inorganic electrode surface. We consider that given the bacteria size of several micrometers may play crucial roles. We prepared seven types of anode electrode which had different microscale surface topography, and experimentally found that MFC performance depended on the contact areas between the bacteria and anode and MFC exerted its maximum power with the anode containing micro holes 5~7 μm in diameter when the contact areas were largest.
INTRODUCTION
MFC has been studied as eco-friendly next generation fuel cells. One of the problems MFC involves is its low power. Augmentation of MFC power has been attempted by optimizing material of electrode [1] , a proton exchange membrane [2] , electrolyte [3] [4] [5] . In this paper, we focus on the anode microscale surface topography. It is known that the generated power by MFC is strongly dependent on the interaction between organic bacteria and inorganic anode surfaces. Prior work discussed the surface roughness of the anode at nanoscale [1] , however, we consider that, given the bacteria sizes of several micrometers, microscale roughness may play more important roles. We used two-chamber type MFC and direct electron transfer (DET) bacteria Shewanella putrefaciens and experimentally found that MFC performance depended on the contact areas between the bacteria and anode and MFC exerted its maximum power with the anode containing micro holes 5~7 µm in diameter when the contact areas were largest. Figure 1 showed two-chamber type MFC we used in the experiments whose cathode and anode chambers are separated by a proton exchange membrane. The cathode chamber is filled with phosphate-buffered saline and exposed to oxygen. The anode chamber is filled with glucose, bacteria and DI water. Shewanella putrefaciens was used as the bacteria. It can generate electricity by resolving organic matter under the anaerobic condition. The anode electrode (10×10 mm) were covered with vapor deposited gold. The cathode electrode had a sputtered platinum that worked as a catalyst. In the anode chamber Shewanella putefaciens adheres to the anode electrode and resolves glucose into proton, electron and carbon dioxide. The generated protons are transferred to the cathode chamber through external load. In the cathode chamber, protons, electrons, and oxygen combine to form water. This circle is iterated and electric power is kept generating. Shewanella putrefaciens, classified as DET bacteria, directly transfers electrons to the anode. Therefore, we consider that the contact areas between the bacteria and the anode determines the MFC performance and, given the bacteria sizes of several micrometers as shown in Figure 2 , a microscale surface topography of the anode needs to be investigated. Amongst anodes that contain holes smaller than bacteria, of bacteria size, and larger than bacteria, as shown in Figure 3 , the anode with holes of bacteria size has the largest contact areas and thus, is considered to generate the highest power.
THEORY

EXPERIMENTAL
We prepared seven types of anode electrode which had different microscale surface topography. Negative type photosensitive polymer (ZPN 1150-90, Nippon. Zeon) was patterned to have holes of 1, 2, 3, 4, 5, 7, and 10 µm in diameter on silicon substrates. Gold was evaporated onto the photoresist to form anode electrodes as shown in Figure 4(A, B) . The anodes with smaller holes have larger surface areas as shown in Figure 4 (C).
MFC's cathode and anode chambers are separated by a proton exchange membrane(NAFION N-117, MOUBIC INC.). The cathode chamber is filled with phosphate-buffered saline(Dulbecco's Phosphate-Buffered Saline, Invitrogen Corp.) and exposed to oxygen. The anode chamber is filled with 0.4 g/l glucose solution and bacteria (4×10 7 cell/ml). Bacteria are entrenched in the anode by soaking the anode electrodes in the anode chamber for 24 h. Then the anode was loaded in the anode chamber and we measured the voltage, current, and then power after 3 h.
RESULTS AND DISCUSSION
The experimental results are shown in Figure 5 . MFC power exhibited Power-Current -curve as shown in Figure 5 (A). Figure 5(B) shows MFC maximum power as a function of hole size. MFC with the anode electrodes containing 4-and 5-m-diameter holes exerted the highest power. We normalized the output power by the calculated contact areas between the bacteria and anode and by the surface areas of the anode, as shown in Figure 5 (C). The result revealed that the MFC performance had clearer correlation to the contact areas than the surface areas. Micropatterns smaller than the bacteria sizes did not contribute to the MFC performance. These results can be readily used to design anodes for high performance MFCs. 
CONCLUSION
We prepared seven types of anode electrode which had different microscale surface topography, and experimentally found that MFC performance depended on the contact areas between the bacteria and anode and MFC exerted its maximum power with the anode containing micro holes 5~7 μm in diameter when the contact areas were largest.
